SFRs greater than 1 M yr −1 . Later on, emission lines from the central regions in the majority of E and S0 galaxies were found by the SAURON survey (Sarzi et al. 2006) , although the emission in around 50 % of the cases arises from young massive stars (Sarzi et al. 2010) .
As explained in Sect. 1.4, there are many SFR tracers. Most of the studies cited before come from Hα observations. Additionally, the emission from young and massive stars in the ultraviolet (UV) traces the current SFR (e.g. Donas et al. 1987; Kennicutt 1998) . The launch of the Galaxy Evolution Explorer (GALEX; Martin et al. 2005) has opened a new window by bringing the possibility of obtaining deep UV images of tens of thousand galaxies.
This project is based on the first analysis of over 5000 GALEX UV images of galaxies classified between E and Sab. A significant subset of these galaxies shows unusual UV emission for their type. This emission is not located in the central parts, and is mostly concentrated in complete or incomplete rings, spiral arms or fragments of those, or in other structures. With the goal to understand the nature of the UV emission in these early-type galaxies and ETSs, we have obtained Hα images of a small subsample of these galaxies. If Hα emission is found, we would be able to discriminate between the possible origin scenarios of the UV emission. If Hα emission is not found, it is possible that the initial mass function is populated enough to produce UV emission but not populated enough to produce Hα emission (see Lee et al. 2011) .
Another possible phenomenon that can explain the UV emission in early-type galaxies is the UV-upturn phenomenon, where old stars (most likely extreme horizontal branch stars) emit in the UV (Code and Welch 1979; Burstein et al. 1988 ; see the reviews by O'Connell 1999 and Yi 2008) . Old stars can produce UV emission (Greggio and Renzini 1990; Horch et al. 1992; Bressan et al. 1994; Dorman et al. 1995; Brown et al. 2000; Buzzoni 2007) , and many ellipticals show residual levels of SF (Yi et al. 2005) . The UV-upturn phenomenon occurs in ellipticals and bulges in spiral galaxies (O'Connell 1999) , but unlikely explains the UV emission originated in the outer regions of the galaxies. GALEX observations have demonstrated that less than 10 % of the ellipticals show UV spectral shapes that are consistent with the general definition of the UV-upturn. Furthermore, the fraction of ellipticals showing UV-upturn decreases dramatically with mass, being found almost exclusively in giant ellipticals (Yi et al. 2005; ). If Hα counterparts are found in our images, the UV-upturn would not be the origin of the UV emission. It is important to mention the work done by Salim et al. (2012) , who analysed UV images of some ellipticals, S0s, and ETSs, finding low-level SFRs of ∼ 0.5M yr −1 in the form of rings and other structures. They considered these results to be inconsistent with the UV-upturn.
This chapter is organized as follows: the sample galaxies is explained in Sect. 2.2. Section 2.3 describes the observations and data reduction. Section 2.4 presents the results, which are discussed in Sect. 2.5.
Target Selection
The starting point are 4822 images of galaxies classified between E and Sab present in the GALEX Large Galaxy Atlas (GLGA; Seibert 2007) with diameters over 0.8 arcmin. From those, 80 galaxies had no UV emission. Additionally, we chose a limit of 27 mag arcsec −2 at a signal-to-noise ratio of 5. These restrictions let to a final sample of 1899 galaxies. For each of these galaxies, we performed a visual comparison between GALEX images and optical data in order to identify the UV in morphological structures such as spiral arms, rings, clumpy material or even streams of material. We identify UV emission in the outer parts of 531 of the 1899 galaxies, which corresponds to 28 %. UV emission in morphological structures were found in 18 % of E galaxies, increasing to 28 % for S0 and 45 % for S0/a-ab. Regarding UV emission not present in an specific morphological feature, the numbers are: 1 % in E, 3 % in S0 and 7 % in S0/a-Sab.
Ten galaxies were selected to be observed in Hα from the sample of 531 galaxies with UV emission. The selection was randomly performed, not according to specific features or properties, but on the altitude on the sky at the time of the observations. We made certain, however, that at least two ellipticals were observed. The observed sample is: NGC 160, NGC 262, NGC 4698, NGC 5173, NGC 5389, NGC 5982, NGC 6962, NGC 7371, NGC 7787 and PGC 065981. Table 2 .1 presents the general properties of the observed galaxies. Notes (1) Morphological classifications from the third reference catalogue of bright galaxies (RC3; de Vaucouleurs et al. 1991) . (2) Updated morphological classifications from and Buta et al. (2015) . (3 The images have been reduced using iraf packages, following these steps: bias and flat corrections, sky subtraction, image combination and photometric calibration. After that, surface photometry was performed using the ellipse task in iraf. The resulting fluxes were corrected for Galactic absorption, A (R) , taken from NED, from the Schlafly and Finkbeiner (2011) recalibration of the Schlegel et al. (1998) IR-based dust map. We computed the instrumental magnitude of each galaxy, and derived the m R magnitudes and the corresponding absolute R magnitudes (M R ) using the distances in Table 2 .1. The results are presented in Table 2 .2. Note that the errors on M R are dominated by the uncertainties in the distances (assumed 20 %).
The continuum subtraction of the Hα images was performed with the methods from Knapen et al. (2004) , Bradley et al. (2006) and Sánchez-Gallego et al. (2012) . We used spectrophotometric standard stars to calibrate the continuum-subtracted Hα images. The observed fluxes and corresponding luminosities for the whole galaxies were calculated as 
FUV ( 
GALEX UV
GALEX images were obtained through The Barbara A. Mikulski Archive for Space Telescopes (MAST 1 ) from the All-sky Imaging Survey (AIS), Medium Imaging Survey (MIS), Guest Investigator Program (GIP) and NGS. We refer the reader to Martin et al. (2005) and Morrissey et al. (2005) for information about the scientific objectives and characteristics of the telescope and the observing surveys mentioned before. The GALEX FOV is circular with a diameter of 1.2
• . The two channels (FUV and NUV) have effective wavelengths of 1516 and 2267 Å, and image resolutions (FWHM) of 4.3 and 5.3 , respectively.
After subtracting the sky background in both the FUV and NUV images, we measured the fluxes of the same regions previously defined in the Hα images (i.e. whole galaxy and outer regions). To convert intensities into magnitudes, the GALEX zero point magnitudes presented in Morrissey et al. (2007) were used. The FUV and NUV flux densities were corrected for Galactic absorption using the Schlafly and Finkbeiner (2011) recalibration of the Schlegel et al. (1998) infrared-based dust map and the Galactic Extinction curve derived by Cardelli et al. (1989) for a total-toselective extinction of R V = 3.1. In this case,
The resulting magnitudes are presented in Table 2 .2.
Results

Morphology: General
The morphological comparison between the galaxies from the GALEX UV and Hα narrow band images reveals several similarities, as shown in Figs. 2.1, 2.2 and 2.3. The selected galaxies (ten out of 531) in our sample present extra UV emission in the form of rings or spiral arms, confirmed in both the UV and Hα images. The rings are perfectly identified in the UV images, and also outlined in the Hα images. Nonetheless, these features are not traced that well in the R-band images. In our sample galaxies, three of those present uncertain morphological classification in the RC3 and have not been studied by . Our analysis confirm that the uncertainties in the morphological classification can be removed in those cases (i.e., NGC 262: SA(s)0/a, NGC 5389: SAB(r)0/a and PGC 065981: SAB(s)ab).
Additionally, the different angular resolution of the GALEX images (4.3 and 5.3 for the NUV and FUV images, respectively) compared to that of the Hα images (seeing limited, with values from 0.7 to 1.6 ) can be translated into extended features in the UV than in Hα. Moreover, the UV emission is expected to be more extended as it tracer older stellar populations than Hα. 
Morphology: Individual Galaxies
NGC 160
The morphological classification of NGC 160 in the RC3 is (R)SA0 ∧ +pec. This case shows great correlation between the UV and Hα emissions, as the outer ring can be easily recognized in both the Hα and UV images (panels a and c of Fig. 2.1) . The patchiness typical of the Hα emission is seen in this ring. In the central parts, although there is UV emission, there are no Hα counterparts. There are, however, 
NGC 262
NGC 262 has been classified as SA0/a?(s) in the RC3. According to nuclear activity, the galaxy was classified as a Seyfert 2 galaxy in the Second Reference Catalogue of Bright Galaxies (RC2; de Vaucouleurs et al. 1976) . As a matter of fact, the nuclear emission dominates the flux of the galaxy. However, in both the Hα (panel d in Fig. 2 .1) and UV (panel f in Fig. 2.1 ) images, the spiral arms are perfectly traced. 
NGC 4698
Morphologically, NGC 4698 was classified as SA(s)ab in the RC3 . Buta et al. (2015) reclassify it as (R)SA(rr)0/a/E2, a double-stage spiral where inner and outer spiral pattern are different (described by Vorontsov-Vel'Yaminov 1987) . Here, there is an E-like bulge at the start of the spiral arms. This galaxy was classified in The Carnegie Atlas of Galaxies (Sandage and Bedke 1994) in the earliest 30 % of the Sa group due to the smooth inner disc, to the large bulge without recent SF defined by the dust lanes and to the tightly wound spiral arms. Two outer rings can be seen in both the UV and Hα images. A third ring in between the other two can hardly be recognised in Hα (panel g in Fig. 2 .1) but which can be easily seen in the UV image (panel i in Fig. 2.1) . In this case, as in NGC 160, the Hα emission is patchier than the ultraviolet one. The galaxy is a low-luminosity Seyfert 2 galaxy (Ho et al. 1995 ) with a strong nuclear emission.
NGC 5173
The morphological classification of NGC 5173 is E0, which is consistent with the elliptical shape from the R-band image. Yet, some features not belonging to an spherical component can be distinguished in both the Hα and UV images. This clumpy material (likely to be incomplete spiral arms) seen in Hα and UV correspond to recently born stars, in other words, star formation. In the central parts, the UV emission may not be caused by star formation but to the UV-upturn phenomenon. Therefore, the derived SFRs for the centre and whole galaxy (Sect. 2.4.3) may be overestimated.
NGC 5389
The morphological classification in the RC3 of NGC 5389 is SAB0/a?(r). Both Hα and UV images (panels d and e of Fig. 2.2) show the outer ring. The left part (West) of the ring is brighter than the right (East) one, likely because of the inclination, causing the right part to be more obscured by dust than the left part.
NGC 5982
NGC 5982 has been classified as an elliptical galaxy, clearly seen in the R-band image. The central emission is present in both Hα an UV images. This central emission may not be due to star formation and overestimates the SFRs, especially since this galaxy has been classified as a LINER (Ho et al. 1997) . In this case, the UVupturn phenomenon may contribute to the central UV emission. Contrary to what is found for the other elliptical NGC 5173, NGC 5982 does not seem to present clear UV emission in the outer parts, just some faint blue blobs.
NGC 6962
The morphological classification of NGC 6962 is a SAB(r)ab in the RC3. Two main, faint outer arms can be easily recognised in both Hα and UV images (panels a and c of Fig. 2.3) . Here, we also see that the Hα emission is patchier than the UV emission.
NGC 7371
This galaxy is classified as (R)SA0/a?(r) in the RC3, and reclassified as SAB(s)ab in . In this galaxy, there is not recent star formation in the central parts. Although the poor GALEX spatial resolution leads to the false perception that there is a ring (see panel f in Fig. 2. 3), the Hα (panel d in Fig. 2.3 ) and the R-band (panel e in Fig. 2. 3) images allows us to distinguish the spiral arms.
NGC 7787
In the RC3, NGC 7787 has been clasified as (R')SB0/a?(rs). An outer (pseudo-)ring can be distinguished in both the Hα and UV images (panels g and i of Fig. 2.3) .
PGC 065981
This galaxy is classified as SAB(s)ab?. The spiral arms can be easily identified in both the UV and Hα and UV images (panels i and j of Fig. 2.3) . Due to the different angular resolutions of the images or due to the different stellar populations, the spiral arms are better traced in the Hα image than in the UV image (see Sect. 2.4.1). Moreover, the inter-arm region cannot be easily identified in the UV image.
Star Formation Rates
Global measurements In Sect. 1.4.2, I presented some of the star formation calibrators (radio, IR, optical, UV or X-ray), as well as combination of some of those to take into account dust absorption (e.g., UV + IR). Mixed calibrators reduce the uncertainties regarding dust attenuation, although uncertainties related to the IMF remain. Here, we have adopted a double-power-law Kroupa IMF Kroupa (2001), where the range in stellar mass is 0.1-100 M , and the timescales are t (Hα) ≥ 6 Myr and t (UV) ≥ 100 Myr. To take into account the dust attenuation, we have used mixed calibrators using UV and Hα with IR. UV data from G AL E X traces directly recent star formation, but with the drawback of the sensitivity to dust obscuration/attenuation. To correct for this attenuation, we compute the TIR using data from the 25, 60 and 100 µm bands of the Infrared Astronomical Satellite (IRAS) for 9 of the 10 galaxies in our sample and following the expression in Dale and Helou (2002) :
For the PGC 065981, which did not have IRAS data, we estimated L(TIR) from the FUV-NUV colour (Cortese et al. 2006 
All these IRAS values are collected in Table 2 .3. The next step is to compute the dust-corrected luminosities using the empirical calibration factors from Kennicutt et al. (2009) and Hao et al. (2011) : Column I Galaxy name. Columns II-V IRAS flux densities for the 25, 60 and 100 µm bands and the references. Column VI L(TIR) derived following the equations in Dale and Helou (2002) . References (1) NED (2) IRAS faint source catalogue, version 2.0 (Moshir and et al. 1990) . (3) IRAS faint source reject catalog (Moshir et al. 2008) . For PGC 065981, we have estimated L(TIR) from the TIR/FUV ratio (Cortese et al. 2006) In this case (galaxies with low specific SFR or dust-free galaxies), using these IR-based recipes can be problematic: the emission from the dust-heating of evolved stars may overestimate the IR luminosity, and therefore the corrected SFRs (see Kennicutt and Evans 2012 and references therein). As a consequence, the corrected luminosities from Eqs. 2.4-2.6 should be understood as upper limits, and therefore the resulting SFRs. The real SFRs should be in between the dust-uncorrected and the dust-corrected SFRs using these equations. Cortese et al. (2008) presented empirical relations that avoided these systematic errors. They estimated the UV attenuation A(FUV) using the age dependence in the relationship between the TIR/FUV ratio and A(FUV). If τ age is the time at which the SFR reaches the highest value over the whole galaxy Gavazzi et al. (2002) , long τ age corresponds to star-forming (young) galaxies and a short τ age refers to galaxies with older stellar populations. Cortese et al. (2008) propose using the FUV -H colour to compute τ age : log(τ age ) = −0.068(FUV − H ) + 1.13 (2.7) and afterwards calculating A(FUV) or A(NUV) from their polynomial fit. Alternatively, several proposals regarding dust corrections can be found in the literature. The constant value of A(Hα) = 1.1 mag proposed by Kennicutt and Kent (1983) has been proved to change with inclination or morphological type (see James et al. 2005) . Helmboldt et al. (2004) propose computing A(Hα) from the absolute R magnitudes of the galaxies (M R ) from Table 2 Column II Extinction coefficient for Hα using L(TIR). Column III Extinction coefficient for Hα using Eq. 2.8. Columns IV -V Extinction coefficients for FUV using L(TIR) and Cortese et al. (2008) to correct for internal dust extinction. Columns VI-VII The same as IV-V but for NUV
In Table 2 .4 we present the resulting values for the dust extinction corrections using TIR, and the methods of Cortese et al. (2008) and Helmboldt et al. (2004) . The advantages and disadvantages of each method will be discussed in Sect. 2.5.
Following Kennicutt et al. (2009) and Hao et al. (2011) we derive the dustcorrected SFR measurements from the dust-corrected luminosities using:
Tables 2.5 and 2.6 show the resulting SFRs. The final error takes into account the uncertainties in the method, as well as uncertainties arising from the quality of the image, from the image reduction processes, or from the distance (see Sect. 4.4.3 for a detailed discussion).
Outer regions
As mentioned before, our goal is to study the outer parts of the galaxies. I R AS data does not enable to correct specific regions for dust attenuation due to its poor angular resolution, and therefore this method can only be applied to the global measurements of galaxies. Calzetti et al. 2012 ) summarizes the problems induced by inaccurate estimates of local SFRs, and we cannot use these IR-based recipes to correct for dust attenuation in specific regions such as the spiral arms or the rings.
Alternatively, we have computed the ratio of emission located in the specific feature (i.e., ring or spiral arm) as compared to the total emission from the galaxy, shown in Table 2 .7. Note that NGC 5982 has not been included in this table as the UV emission is only found in the central parts, not in outer features. The case of the other elliptical in our sample, NGC 5173 is the opposite: there is emission found in the outer parts, in the form of incomplete spiral arms. Table 2 .7 shows that the emission in the outer features is, in most cases, dominant compared to the total emission from the galaxy. Specifically, for NGC 160, NGC 6962 and NGC 7371, the outer emission is above three quarters of the total emission. In addition, when we include the emission of all the rings in NGC 4698, almost 100 % of the emission is located outside the central parts. On the contrary, the case of NGC 262 is different: the ratio is over 50 % in the UV, but the Hα emission in the spiral arms is around 3 %. This means that most of the Hα emission comes from the central parts, consistent with the fact that NGC 262 is a Seyfert 2 galaxy, where the nuclear emission is dominated by the AGN activity. Note that in this table, we have only taken into account the emission from the features, not the central emission.
Discussion
Morphology
As far as morphology is concerned, our sample galaxies show very similar morphologies in the Hα and the UV. This is one of the first important results from this work, there is a direct correlation between the position of outer features in the UV images and the Hii regions in the Hα images. For instance, the outer rings present in NGC 160, NGC 7731 and NGC 7787 can be easily identified in all the images, also confirming the morphological classifications designated by (R) or (R'). As explained before, the emission of these outer features look more extended in the UV, and more patchy in Hα due to the different angular resolution and ages. A direct consequence of the presence of the Hα emission in the outer features of this elliptical, S0 and ETS galaxies is that the UV emission arises from the massive star formation, excluding the possibility of the UV-upturn in the outer parts of these galaxies.
Star Formation Rates
Corrections for internal dust absorption Thesecond important finding of this work is regards the derived SFRs. Modest SFRs are obtained after correcting for internal dust absorption. As mentioned in Sect. 2.4.3, the luminosities need to be corrected for internal dust absorption. The methods proposed in the literature present some advantages and disadvantages for the galaxies studied in this Section. It is important to take into account that these galaxies of earlier types may have less dust than later types, and therefore the same dust corrections should be use with caution. Additionally, these galaxies present different stellar masses and SFRs (star-forming and quiescent galaxies), which obstructs the adoption of one single equation.
The use of TIR luminosity to correct for internal dust absorption is common when dealing with spiral galaxies. I first use it following the equations from Kennicutt et al. (2009) and Hao et al. (2011) . Nevertheless, old population stars may produce dustheated IR light in galaxies with low specific SFR, therefore overestimating TIR and the derived SFRs. Consequently and without information about the specific SFR of our galaxies, the equations in Kennicutt et al. (2009) and Hao et al. (2011) (our Eqs. 2.4-2.6) cannot blindly be applied. In order to overcome the possible problems due to dust-heated IR, I have searched for other methods to compute the corrections coming from internal dust absorption. I have adopted for the UV the recipes by Cortese et al. (2008) based on the relationship between the TIR/FUV ratio andUV attenuation. These can be applied to systems with low specific SFRs and are independent of the age of the stellar populations.
Regarding Hα, I prefer to use the recipes in Helmboldt et al. (2004) (Eq. 2.8) which relate M R with A(Hα). In Table 2 .4 we see that A(Hα) TIR = 0.73 mag, lower than A(Hα) R = 1.18 mag, but still more reliable than adopting the single value of A(Hα) = 1.1 mag. All the attenuation coefficients are collected in Table 2 .6.
Implications on the derived star formation rates
There is a very good agreement between the SFRs derived for Hα, FUV and NUV (within the uncertainties). Three implications can be derived from these results:
1. I confirm that the global SFRs should include both direct and dust-processed light so it is necessary to correct the observed luminosities for internal dust attenuation. In Tables 2.5 and 2.6 we see the significant differences between the corrected and non-corrected SFRs, remarkably in the UV. 2. There is a very good agreement in the dust-corrected SFRs of the different wavelengths, confirming that the UV and Hα emissions come from newly born population of hot stars (recent SF). Thus, the extra UV emission does not come from old stars (UV-upturn related), but to massive star formation. Additionally, the ellipticals of the sample present star formation levels above those typical of their type, but still below 1 M yr −1 . 3. The SFRs in the elliptical, S0 and ETS galaxies of our sample are comparable to those typical of later type spiral galaxies (e.g., James et al. 2004 ). In particular, SFR(Hα) > 1M yr −1 for 7 out of 10 galaxies. These results agree with previous findings (e.g., Young et al. 1996; Usui et al. 1998; Devereux 1999 or Hameed and Devereux 2005 , see Sect. 2.1).
Origin of Star Formation
With this study, I confirm that the the outer UV emission in a sample of elliptical, S0 and ETS galaxies is caused by massive SF, found in outer features such as rings and spiral arms. We now ask ourselves the reason why there is UV emission in the outer parts of these galaxies of early types. At first sight, the presence of rings may well be explained as a result of bar action, although the small sample size cannot prove this (there are only five galaxies with rings classified as SB The origin of UV light in elliptical and S0 galaxies was studied in Carter et al. (2011) . They suggested that the excess UV emission may be based on a recent minor merger event, e.g. in the shell elliptical NGC 5982 (Sikkema et al. 2007 ). Moderate levels of SF are found in this galaxy, and we agree that the origin of this excess star formation may arise from a merging event. Additionally, this galaxy is a LINER and the nuclear emission may not be due to SF.
The case of NGC 5173 is exceptional. On the one hand, this galaxy appears perfectly elliptical in the R-band image. But on the other hand, there is a large amount of Hα and UV emission (see Fig. 2 .2), in the form of incomplete spiral arms. NGC 5173 belongs to a group of galaxies (Mahtessian 1998) with NGC 5169 (distance of 64.8 kpc and v = 17 km s −1 ). It is very likely that the interaction between these galaxies enhance star formation.
The (FUV−NUV) colour can be used to discriminate against star-forming and quenched galaxies. Elliptical, S0 and ETS galaxies are expected to have (FUV−NUV) > 0.9 (Gil de Paz et al. 2007 ). In our case, only NGC 4698 and NGC 5982 have FUV−NUV> 0.9 (last column of Table 2 .2). Thus, the other galaxies (FUV−NUV < 0.9) confirm the unexpected level of star formation for their morphological type, and these galaxies do not behave like read and dead galaxies, but star forming ones. The newest morphological classification of NGC 4689 (Buta et al. 2015) agrees with the idea that this galaxy behaves as an elliptical rather than a spiral galaxy, classifying the galaxy as S0/a-E2 (whereas the previous classification in the RC3 was Sab).
Due to the fact that our sample is reduced, our limited study does not allow to make firm conclusions regarding the origin of the formation of stars in our sample galaxies apart from the clear statements that some fraction of galaxies presents rings which form stars and that interaction may stimulate the formation of stars.
Taking everything into account, although the sample selection is biased towards star-forming galaxies, I have found SFRs ranging from a few tenths to a few M yr −1 , rates comparable to those found in disc galaxies. Thus, I have found some cases of ellipticals, S0s and ETSs confirming that these galaxies are not red and dead, but are actually forming stars at a rate comparable to that of later-type galaxies.
